The synthesis and structural characterization of dicationic selenium and tellurium analogues of the carbodiphosphorane and triphosphenium families of compounds is reported. These complexes, 
Figure 1: Structures of the common phosphine chalcogenides (1), dichalcogenido-imidophosphinates (2) , and the examples of phosphines binding to electrophilic chalcogen centers (3, 4) .
The lack of activity in this area is surprising given the readily available sources of Lewis acidic group 16 centers as the di-(Ch = S, Se) and tetrahalides (Ch = Se, Te) and the ongoing interest in Ch-P chemistry. The likely reason for this deficiency is that simple reactions between phosphines and chalcogen halides result in redox activity, 27 rather than the formation of a PCh bond. Reduction of the group 16 element occurs along with halogenation of the phosphine (e.g. between Ph3P and SeCl4 or SeCl2; Scheme 1). Ultimately, complete reduction of the chalcogen to the phosphine chalcogenide occurs upon addition of excess phosphine. It was recently reported that the bromination of (dppbzS)AuBr (5S) (dppbz = 1,2-bis(diphenylphosphino)benzene) leads to the formation of a P-S-P dication charge balanced with a bromide and tetrabromoaurate anion (6) . 25 The compound exists as a halide bridged dimer in the solid state with bromine atoms weakly coordinating to the sulfur center. It should be noted that the analogous reaction with the selenium derivative (5Se) instead results in the reduction to elemental selenium and no P-Se bond in the final product (7) . Compound 6 represents the first example of a P-Ch-P chelate bonding motif, however the synthetic pathway described above may not be generalized, especially given the result with selenium in place of sulfur. The most straightforward approach to such dicationic compounds would appear to be the binding of a phosphine to the unstable, yet accessible SeX2 (X = Cl, Br), followed by halide abstraction reactions to generate the chelates. However, this is not viable as the aforementioned redox reactions dominate, rather than formation of P  ChX2 coordination complexes.
reagents as dicationic chalcogen complexes supported by R2DAB (DAB = diazabutadiene) ligands, which were found to act as ready sources of [Ch] 2+ (8, 9Ch). [28] [29] In this context, we report the applicability of this synthon in the generation of dicationic P-Ch-P compounds 10Ch via ligand exchange using the 1,2-bis(diphenylphosphino)ethane (dppe) ligand. The analogous AsCh coordination compounds (11Ch) were also prepared from 1,2-bis(diphenylarsino)ethane (dpAse), representing the first AsCh coordinative bond. A theoretical evaluation of the electronic structure and bonding in this class of compounds accompanies the experimental data. were calculated and refined from the full data set. The absorption correction was applied using SADABS, 32 or HKL2000 DENZO-SMN. 33 The SHELXTL/PC V6.14 for Windows NT suite of programs was used to solve the structure by direct methods. 34 Subsequent difference Fourier syntheses allowed the remaining atoms to be located while hydrogen atoms were placed in the calculated positions. For 10Se, all of the non-hydrogen atoms were refined with anisotropic thermal parameters while both the cation and anion were well ordered. For 10Te and 11Te there was warning signs for twinning (both racemic and merohedral). The racemic twinning was refined using TWIN and BASF refined to 0.257 and 0.324 for 10Te and 11Te respectively. No satisfactory twin law could be found to "detwin" the .hkl file and account for the merohedral twinning. For 11Te disorder about the 5-memebered dicationic ring was present, refining to 15% occupancy, with all atoms being refined anisotropically ( Figure S8 Supporting Information). One of the triflate anions was also disordered and modeled leaving all atoms isotropic; attempting to treat these atoms anisotropically lead to unstable refinement. Similar disorder to 11Te was present for 10Te, refining to less than 10% occupancy, and as such the disordered component did not refine suitably. As a consequence the structure of 10Te presented is that with no disorder refinement. Given the data obtained, the identity of the molecule is not in question, and acceptable standard uncertainties for the key bonds allow for the limited discussion of their significance present in the manuscript. Crystal data and refinement parameters are shown in Table   1 , while key bond lengths and angles are presented in the caption of Figure 3 .
Computational Details: All calculations were done with the program packages Turbomole 6.3 35 and
Gaussian09. 36 Geometries of the studied systems were optimized using the PBE1PBE density functional [37] [38] [39] [40] in combination with the def2-TZVP basis sets. 41, 42 The nature of stationary points found was assessed by calculating full Hessian matrices at the respective level of theory. Atomic charges were calculated with the natural population analysis (NPA) using the NBO 5.9G code. 43 Calculations of the electron localization function were performed with the TopMod program package. 44 The program gOpenMol was used for all visualizations of molecular structures and Kohn-Sham orbitals. 45, 46 Synthesis of 10Se: A solution of dppe (0.067 g, 0.168 mmol; CH2Cl2 3 mL) was added to a slurry of 8 29 (0.100 g, 0.168 mmol; CH2Cl2 5 mL) resulting in the immediate generation of a pale yellow solution with a small amount of colorless precipitate. After 5 minutes n-pentane (10 mL) was added giving further precipitation of colorless powder. The powder was allowed to settle and the supernatant decanted. The powder was washed with Et2O (3 x 5 mL) and dried in vacuo giving 10Se as a colorless While examples of these types of PCh interactions are rare, the use of an arsine instead of a phosphine to coordinate an electrophilic chalcogen center is completely absent from the literature.
Because of the extremely electrophilic nature of the [Ch] 2+ reagents 8 and 9Ch it was thought that they could also form stable complexes with diarsines, regardless of the weaker Lewis basicity of arsenic as compared to the corresponding diphosphine. Compounds 11Ch were prepared by using a using a similar strategy for the preparation of 10Ch. In the case of selenium it was found that dpAse (1,2-bis(diphenylarsino)ethane) would not undergo ligand exchange with 8 and instead 9Se had to be used.
After precipitating the product from the reaction mixture, subsequent 1 Scheme 3: Synthesis of compounds 10Ch and 11Ch via ligand exchange reactions.
X-Ray Crystallography:
Single crystals suitable for X-ray diffraction studies were grown by vapour diffusion of Et2O into MeCN solutions of the bulk powder at -30 o C for 10Ch and 11Te (Table 1) . For 10Ch, the Ch-P bond lengths are 2.246(1) Å (10Se) and 2.48 Å (10Te, avg.), similar to those found in the few other known Ch-P coordination complexes, and are significantly longer than the Ch-P bonds observed in phosphine-chalcogenides (formal bond order = 2; Se -P: 2.07-2.11 Å; Te -P: 2.36-2.38 Å) 47 and dichalcogenophosphinates (formal bond order = 1.5; Se -P: 2.14-2.18 Å; Te -P: 2.38-2.40 Å). 48 This is consistent with a dative bonding description, where 10Ch are best described as sequestered [Ch] 2+ dications or a Ch -P single bond description where the formal positive charges lie on the phosphorus centers. The structure of 11Te is similar to the dppe derivative, crystallizing in the same space group with slightly larger unit cell parameters. However, there is disorder about the core 5-membered ring as well as one of the triflate anions that was successfully modeled (Figure S-8 ) but the deviation between the two prevents the detailed discussion of the metrical parameters. For the two dicationic rings the TeAs bond lengths range from 2.53 to 2.57 Å, which is longer than the Te -P bond lengths in 10Te while the As -Te -As bond angle is slightly larger at 84-86º. The Te-As bond distances is comparable to a standard Te -As single bond, 49 however this structure represents the first example where the arsenictellurium bond can also be viewed as a coordinative interaction.
In and 11Ch an ionic triflate is present in all cases.
Related dications with the formula [R3POPR3][OTf]2 generated from the reaction of phosphine oxides with triflic anhydride are also known and have been used as dehydration reagents in organic reactions. 51 The one structurally characterized example (R = Ph) reveals short P -O bond lengths of 1.54 Å and a very wide bond angle of 164º for the P -O -P fragment indicating that the P -O bond orders could be greater than one. 52 Cyclic species have also been reported but not structurally characterized. These molecular architectures have been represented with a variety of bonding models.
Carbodiphosphoranes were traditionally portrayed using the resonance forms 12c and 12d, but have been more recently described as phosphine stabilized C 0 complexes (12a) based on both experimental and theoretical studies. 62, 66 The analogous triphosphenium cations have been considered as having the central phosphorus atom in the +1 oxidation state with formal bond orders to the adjacent phosphorus centers of either one (dative bond 13a, or single bond, 13b), 1.5 (13c), or two (13d). 57, 67 Given the detailed treatment of both 12 and 13, an examination of the electronic structures of the dicationic chalcogen analogues was performed. Information) reveals, rather expectedly, the presence of two lone pairs at the chalcogen center. We note in particular that, similar to the -lone pair, the p-lone pair orbital is localized, which indicates the absence of -type bonding within the P -Ch -P and As -Ch -As moiety, in good agreement with the determined structural parameters. Natural population analysis assigns the positive charge in the dications mostly on the pnictogen atoms and that the chalcogen centers are essentially electroneutral; the range of calculated values extending from 0.10 for 11Se to +0.25 for 10Te (Supporting Information).
However, the calculated electrostatic potential yields a much more even distribution of positive charge The calculated data can be compared to values reported for cyclic triphosphenium cations 13 which have a negatively (0.25) charged dicoordinate phosphorus atom and a PP Wiberg bond index slightly over one (1.10), indicative of a small but noticeable contribution from a -type back-bonding interaction to their electronic structure. 57 The results for 10Ch and 11Ch can also be contrasted with the electronic structure of the dication in 9Te, which features a highly positive tellurium center (natural charge +1.22) along with two TeN bonds whose Wiberg bond indices fall significantly short of unity (0.75). 28 Taken as a whole, the electronic structure analyses are consistent with a covalently bound description (Figure 6 B) , rather than the dative bond description (Figure 6, A) , for the dications 10Ch
and 11Ch as this also takes into account the localization of the positive charge on the pnictogen atoms.
However, both models represent certain features that 10Ch and 11Ch possess, therefore neither structure A or B should be over interpreted, but rather taken as a guideline for the structural properties and potential reactivity of these compounds. 
Conclusions:
We have described a facile synthesis of cyclic diphosphachalcogenium dications, using [Ch] 2+ synthons, which cannot be accessed using the traditional electrophilic Ch(II) sources, the binary halides.
The electronic structures were calculated confirming the presence of two lone pairs on the dicoordinate chalcogen center with a majority of the charge residing the donating pnictogen atoms. We are currently investigating the Lewis acidic and basic properties of this new class of compounds, as well as synthesizing acyclic derivatives.
